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© Discharge tube. 



© A discharge tube having a pair of opposite elec- 
trode assemblies disposed in a discharge space 
defined by a peripheral wall and charged with gas, 
and an a.c. source connected at one end to one of 
the pair of electrode assemblies and at the other end 
to the other of the electrode assemblies, each of 
said opposite electrode assemblies comprising a sin- 
tered metallic electrode for emitting electrons and a 
filament electrode disposed closely adjacent to the 
sintered metallic electrode, for emitting thermoelec- 
trons. and the sintered metallic electrode and the 
filament electrode being electrically connected in 
parallel by means of the associated lead wires. 

< 

00 
CO 
CO 

00 

to 



UJ 



J 



Europaisches Patentamt 
European Patent Office 
Office europ^en des brevets 




Xerox Copy Centre 



1 



EP 0 378 338 A2 



2 



DISCHARGE TUBE 



BACKGROUND OF THE INVENTION 



1 . FIELD OF THE INVENTION 

The present invention relates to a discharge 
tube having a positive glow discharge characteristic 
in which the tube voltage increases as the dis- 
charge current increases and a negative arc dis- 
charge characteristics in which the tube voltage 
decreases as the discharge current increases due 
to an increase in emission of thermoelectrons. 

2. DESCRIPTION OF THE RELATED ART 

It is known that cold-cathode tubes, hot-cath- 
ode tubes and semi-hot cathode tubes are used in 
discharge-tube applications. 

Cold-cathode tubes have positive discharge 
characteristics and have the advantages of long 
life, low power consumption, low heat dissipation, 
and the ability to be easily lit and quenched. The 
disadvantage of cold-cathode tubes is their low 
intensity. Hot-cathode tubes, which are known as 
fluorescent lamps, have negative thermionic dis- 
charge characteristics and the advantage of high 
int nsity. Hot-cathode tubes, however, have the 
disadvantages of short life, high power consump- 
tion, high heat dissipation, and cannot be lit and 
quenched in themselves. Semi-hot-cathode tubes 
ar arranged such that no filament electrode is 
en rgized by external circuits and have the dis- 
advantage that a relatively long time is required to 
reach the desired intensity after energization. Also, 
semi-hot-cathode tubes are impractical in terms of 
life and intensity. 

In Japanese Patent Application No. 63-172761. 
the present inventor proposes a discharge tube of 
the type having a discharge characteristic in which 
the negative discharge characteristic of a cold- 
cathode tube is combined with the positive dis- 
charge characteristic of a hot-cathode tube. More 
specifically, the proposed discharge tube com- 
prises a pair of electrode assemblies which are 
disposed opposite each other in a discharge space. 
Each of the electrode assemblies includes a cup- 
shaped electrode for glow discharge and. a fila- 
ment electrode for arc discharge which is disposed 
in the cup-shaped electrode. This arrangement is 
intended to achieve long life with glow discharges 
and very high brightness with arc discharges. How- 
ever, it is necessai7 that such discharge tube be 
provided with an automatic control circuit for con- 
trolling discharge current in order to stably maintain 



the state of discharge, in this prosed type of dis- 
. charge tube, several hours after energization the 
temperature of the cup-shaped electrode for glow 
discharge, increases due to emission of ther- 

5 moelectrons and a transition from glow discharge 
to arc discharge occurs. As a result, a phenomenon 
such as snaking or flickering takes place and the 
discharge becomes unstable. For this reason, the 
above electronic control circuit is used to control 

10 discharge current. However, the cost of the dis- 
charge tube becomes expensive due to the neces- 
sity of such control circuit and, even with this 
control circuit, it is still difficult to perfectly elimi- 
nate flickers of high frequency. 

75 

SUMMARY OF THE INVENTION 

It is therefore a primary object of the present 
20 invention to provide a discharge tube in which the 
above-described problems can be solved. 

It is a specific object of the present invention to 
provide a high-intensity long-life discharge tube 
which has the functions of both arc discharge and 
25 glow discharge and in which a transition from glow 
discharge to arc discharge is not caused by a rise 
in the temperature of an electrode for glow dis- 
charge. 

To achieve the above objects, in accordance 

30 with the present invention, there is provided a 
discharge tube in which a pair of opposite elec- 
trode assemblies are disposed in a gas-charged 
discharge space which is^ at least in part, defined 
by a glass wall, in the discharge tube, each of the 

35 electrode assemblies is provided with a sintered 
metallic electrode for emitting electrons and a fila- 
ment electrode coated with oxide for emission of 
thermoelectrons, and the sintered metallic elec- 
trode and the tilament electrode are arranged close 

40 to each otiier and electrically connected in parallel. 

Each of the opposite electrode assemblies, 
which are arranged at both ends of the discharge 
space, includes an electrode for glow discharge 
and an electrode for arc discharge, which are ar- 

4S ranged side by side. Accordingly, when a voltage 
from the same high-frequency electric source is 
applied to these electrodes, high-intensity arc dis- 
charge and glow discharge are stably formed in the 
discharge space at the same tirrie, whereby a very 

50 high intensity of 35.000 Nt or nnore is obtained by 
the synergistic effect of the arc discharge and the 
glow discharge. For instance, if metal, such as 
nickel, is used for electrodes for glow discharge, 
stable glow discharge will be obtained up to a 
current level of about 3 mmA. However, in general. 
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at current levels of 4 mmA or more the discharge 
characteristic of the electrodes for glow discharge 
enters an arc-discharge region where glow dis- 
charge does not stabilize. In contrast, the above- 
described arrangement according to the present 5 
invention makes it possible to provide stable glow 
discharge even when the current increases, and an 
intensity of 10,000 Nt can be achieved with glos 
discharge alone. 

70 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be hereinbelow de- 
scribed in preferred embodiment forms with refer- js 
ence to the accompanying drawings, in which: 

Fig. 1 is a diagrammatic view showing a first 
embodiment of the present invention; 

Rgs. 2-4 are diagrammatic views which 
show modifications of the first embodiment of the 20 
present invention, respectively, with Figs. 3 and 4 
showing modified portions only; 

Fig. 5 is a graph which serves to illustrate 
the advantage of the present invention; 

Fig. 6 is a diagrammatic perspective view 25 
showing a second embodiment of the present in- 
vention; 

Rgs. 7-8 are partial perspective views show- 
ing modifications of the second embodiment of the 
present invention, respectively; 30 

Rg. 9 is a diagrammatic perspective view 
showing a third embodiment of the present inven- 
tion; and 

Fig. 10 Is a diagrammatic perspective view 
showing a modification of the third embodiment of 35 
the present invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 40 

Prefen*ed embodiment of the present invention 
will be explained below with reference to the ac- 
companying drawings. 

Fig. 1 shows a first embodiment of a discharge 45 
tube according to the present invention. As illus- 
trated, a rod-like sintered electrode 2 and a fila- 
ment coil electrode 3 are disposed at each end of 
a transparent glass tube 1 which has a diameter of 
approximately 6 mm and a length of approximately 50 
260 mm. At each end, the rod-like sintered elec- 
trode 2 and the filament coll electrode 3 are ar- 
ranged in parallel and close to each other, i.e., in a 
non-contact state. Each of the rod-like electrodes 2 
has a diameter of 2 mm and a length of 6 mm and 55 
is prepared by mixing tungsten powder, zirconium, 
nickel and barium carbonate, forming the mixture 
with a press, and sintering the formed mixture. 



Each of th filament coil lectrodes 3 has a good 
electron emission characteristic and is prepared by 
coating a solution of barium hydroxide over the 
peripheral surface of a tungsten wire, sintering the 
tungsten wire to form a coat of barium carbonate, 
and forming it into a coil. In the glass tube 1, each 
of these electrodes 2 and 3 is supported by a 
tungsten wire or rod-like member 7 and connected 
to one end of a lead wire 8 via the tungsten rod- 
like member 7. One end of each of the lead wires 8 
extends into the glass tube 1 through a glass end 
wall thereof. The inner surface of the glass tube 1 
is coated with a fluorescent film 4 and the interior 
of the glass tube 1 is charged with argon gas 
pressurized at a pressure of 30 torr and 5 mmg of 
mercury 6. 

A strip or trigger coating 9 is formed on the 
outer surface of the glass tube 1 to extend along 
the length thereof. A lead wire 10 is led from the 
trigger coating 9 and connected to the lead wire 8 
which is led from one end of the glass tube i. The 
other ends of the respective lead wires 8 are con- 
nected to an A.C. power source 1 1 . 

Fig. 2 shows a discharge tube according to one 
modification of the first embodiment shown in Rg. 
1. In Fig. 2, the same reference numerals are used' 
to denote the same elements as those shown in 
Fig. 1. This modification differs from the first em- 
bodiment in that each filament coil electrode 3a is 
arranged to surround a corresponding rod-ljke sin- 
tered electrode 2a in a non-contact state. 

For example, if a sine wave of oscillation fre- 
quency 40 kHz and effective voltage 1,500 V is 
applied to the lead wires 8 at both ends of the 
discharge tube, a highly stable discharge can be 
achieved with a discharge current of 20 mA and an 
intensity of 35,000 Nt. The temperature of the tube 
wall of the portion of the discharge tube which is 
adjacent to each electrode assembly is approxi- 
mately 15 degrees higher than room temperature 
and the amount of heat generated can be reduced 
compared to conventional arrangements. Accord- 
ingly, it is possible to reduce power consumption. 
In addition, since no control circuit for stabilizing 
discharge is needed, a discharge-tube, driving cir- 
cuit can be made compact. 

Fig. 3 shows another modification of the first 
embodiment, and only an electrode assembly 
which differs from that shown in Rg. 2 is illustrated. 
This modification is similar to the modification of 
Fig. 2 in that a rod-like sintered electrode 2b is 
surrounded by a filament coil electrode 3b, but the 
filament coil electrode 3b is densely coiled in cup- 
like form with each of Its ring segments held in 
close contact with the adjacent ring segment. 

Fig. 4 shows still another modification of the 
first embodiment, and an electrode assembly which 
differs from that shown in Fig. 3 is illustrated. In the 
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illustraled assembly, a sintered metallic electrode 
2c for glow discharge is formed into a cup-like 
shape, and a filament coil electrode 3c for arc 
discharge extends straight along the axis of the 
assembly. The cup-like electrode 2c may be s 
formed into the shape of a hollow cylinder with a 
bottom. 

It is desirable that any of the discharge tubes 
according to the first embodiment have a glass- 
tube diameter of about 4 mm to about 10 mm. io 

Instead of the sintered electrode shown in Fig. 
4, there can be used an electrode formed in such a 
way that a nickel or tungsten wire is densely coiled 
in a shape similar to that of the electrode 3b shown 
in Fig. 3 while coating a nickel or tungsten powder 75 
over the peripheral surface of the coiled wire. Fur- 
ther, then the filament coil electrode 3c is set at the 
center of the thus-formed electrode. 



EXAMPLE 1 

A sine-wave oscillating voltage was applied 
across the discharge tube shown in Fig. 2 under 
the following conditions: 25 
charged gas : a mixed gas containing argon gas of 
50 torr and 5 mmg of mercury; 
oscillation frequency : 40 kHz; and 
ambient temperature : room temperature (15* C) 

The relationship between voltage (V) and dis- 30 
charge cun^ent (mA), shown in Fig. 5. was obtained 
by gradually raising the voltage (V) from 0 V. 

As is apparent from Rg. 5, glow discharge was 
started between the opposite sintered electrodes at 
400 rmsV. and the filament coil electrodes started 35 
discharges at approximately 500 rmsV. Even if the 
voltage was raised to 500 rmsV or more, a positive 
discharge characteristic was maintained between 
the sintered electrodes. In other words, it was 
proved that the glow discharge could be main- 4o 
tained even at a voltage level of 500 rmsV or more. 
In addition. It was proved that, at a voltage level of 
500 rmsV or more, a negative discharge char- 
acteristic could be obtained between the filament 
coil electrodes, whereby arc discharge could be 45 
maintained- 

As is apparent from the foregoing, since the 
two kinds of discharge, glow discharge and arc 
discharge, are realized within a single discharge 
tube. v6ry high intensity of iJlumination can be so 
achieved. Also, since the filament coil electrodes 
are heated by glow discharge, arc discharge can 
be generated by using a relatively low voltage. In 
addition, since the two kinds of electrodes are 
arranged in a non-contact state, the sintered metal- ss 
iic electrodes are not heated by the heat generated 
in the adjacent filament coil electrodes. Accord- 
ingly, since no thermorunway takes place in the 



sintered metallic electrodes, glow discharge does 
not proceed with arc discharge and the glow dis- 
charge can be kept highly stable between the 
sintered metallic electrodes. 

Each of the filament coil electrodes is coated 
with an active oxide such as barium, strontium or 
the like in order to accelerate emission of ther- 
moelectrons. Accordingly, particles may be scat- 
tered due to evaporation or peeling caused by ion 
bombardment or heating and fall on the inner tube 
wall of the discharge tube, thereby causing the 
shading phenomenon in which dark shades are 
formed on the inner tube wall of the discharge 
tube. However, if the cup-shaped sintered metallic 
electrode shown in Fig. 4 is employed, scattered 
particles stick to the inner wall of the cup-shaped 
sintered metallic electrode and the stuck particles 
or active oxide can be reused. In addition, since it 
is possible to prevent the shading phenomenon by 
suppressing the phenomenon in which scattered 
particles stick to the inner tube wall of the dis- 
charge tube, the lifetime of the discharge tube can 
be improved. The present inventor conducted a 
lifetime test with a discharge tube having such 
electrode assemblies, and the shading phenom- 
enon was not substantially observed even after 
running of 1 0,000 hours or thereabouts. 

Fig. 6 shows a second embodiment of the 
present invention. As the second embodiment, 
there is shown a discharge tube which is made 
from a flat discharge plate configured like a flat 
box. 

The illustrated discharge plate includes a top 
glass plate la, a bottom glass plate lb and a glass 
frame spacer 11. Each of the glass plates 1a and 
lb has one surfate coated with a fluorescent film, 
and the glass plates la and lb are stacked with 
their coated surfaces facing each other. The glass 
frame spacer 11 is sandwiched between the top 
and bottom glass plates la and lb. The glass 
plates la and lb and the glass frame spacer 11 
are bonded by glass solder, thereby forming a 
discharge space. The discharge space is charged 
with discharge gas consisting of a mixture of argon 
gas 5 pressurized at several tens of torr and sev- 
eral milligrams of mercury 4. A rod-shaped sintered 
metallic electrode 2d and a filament coil electrode 
3d are arranged in parallel and close to each other 
at each end of the discharge space. The filament 
coil element 3d is formed into a rod-like configura- 
tion in whcih a tungesten coil, coated with oxide 
metal having good electron-emission characteris- 
tics, is densely coiled. A trigger conductive plate or 
film 9a is bonded to the external surface of the 
bottom glass plate 2a, 

The discharge plate having the above construc- 
tion also exhibits characteristics similar to those of 
the discharge tube shown in Fig. 2. More specifi- 
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cally. with the above second embodiment, it is 
possible to provide a surface light source having 
th following advantages: glow discharge and arc 
discharge can coexist so that very high intensity, 
long life and low power consumption can be 
achieved: lighting and quenching are easy; the 
amount of heat generated is small; and highly 
stable operation is assured. 

Fig. 7 shows a modification of the second 
embodiment of Fig. 6. and only an electrode as- 
sembly which differs from that used in the above 
second embodiment is illustrated. The illustrated 
electrode assembly is arranged in such a manner 
that a filament coil electrode 3e for arc discharge is 
wound around the periphery of a sintered electrode 
2e for glow discharge in a non-contact state. 

Fig. 8 shows another modification of the sec- 
ond embodiment, and a tungsten wire electrode 3f 
for arc discharge is disposed along the axis of a 
half-cylindrical sintered electrode 2f. This modifica- 
tion also makes it possible to achieve advantages 
similar to those of the discharge tube shown in Fia 
4. ^* 

Rg. 9 shows a third embodiment of the dis- 
charge tube of the present invention. The third 
embodiment is substantially the same as the em- 
bodiment of Rg. 2 except that a top glass plate 1c 
and a bottom glass plate Id have ribs 12a and 12b 
fonmed on their facing surface, respectively. It has 
been explained that the above second embodiment 
makes It possible to obtain a .postcard-si2e surface 
light source made from a glass plate with a plate • 
thickness of approximately 4 mm. However, if the 
size is further increased, the thickness of the glass 
plate also increases to an impractical extent. How- 
ever, if the ribs 12a and 12b are formed as in the 
second embodiment, the strength of each of the 
top and bottom glass plates 1c and id can be 
increased to a considerable extent. Accordingly, a 
surface light source having a light weight and a 
considerably large size can be obtained. 

If the gaps A and B between the tips of the ribs 
12a and 12b and the inner surfaces of the oppos- 
ing glass plates are respectively selected to be 
approximately 0.5 mm to 0.1 mm. the discharge 
irnpedance in each of the gaps A and B becomes 
high and the discharge space is substantially di- 
vided into a plurality of small discharge spaces X. 
Y and Z. Electorde assemblies E, each of which is 
similar to that shown in Fig. 4. are respectively 
arranged at the opposite ends of each of the small 
discharge spaces X. Y and Z. whereby a discharge 
plate is obtained which is constructed as if a plural- 
ity of discharge tubes were arranged side by side. 
In this arrangement, arc discharge is reliably pro- 
duced in each of the small discharge spaces, 
whereby it is possible to prevent the phenomenon 
in which arc discharges are concentrated upon a 



specific one of the opposite electrodes (this phe- 
nomenon easily occurs at a temperature of chiefly 
5 C or less). Further, since the inner surfaces of 
th glass plates including the ribs 12a and 12b are 
5 coated with the fluorescent film, the surface por- 
tions of the glass plates corresponding to the re- 
spective ribs are not darkened. In addition, since 
the area occupied by the fluorescent surface in- 
creases owing to the formation of the ribs, the total 
70 intensHy of the surface light source rises. In Rg. 9, 
reference numeral 13 denotes an end plate made 
of glass, and the lead wires 8 extend through the 
end plates 13 to hold the corresponding electrode 
assemblies E. 

75 Fig. 10 shows a modification of the third em- 

bodiment, wherein ribs 12c and 12d are densely 
formed on glass plates 1e and If, respectively. In 
this arrangement, electrode assemblies Ea, each of 
which is similar to that shown in Fig. 8, are dis- 
20 posed and a multiplicity of electrode assembly 
pairs are arranged in small discharge spaces, re- 
spectively. Each of the end plates has a trough-like 
configuration so as to accommodate the electrode 
assemblies Ea. This arrangement also makes it 
25 possible to provide a discharge characteristic simi- . 
lar to that of the discharge plate of Fig. 9. 

Preferably, sintered metal Is used for the elec- 
trodes for glow discharge. Although intensity is 
somewhat low, nickel may also be used. 
30 As is apparent from the foregoing, since the 

filament coil electrode^ are heated by glow dis- 
charge, emission of thermoelefctrdns is accelerated 
and rapid lighting (several tens of seconds) is en- 
abled. 

35 Since active oxide can b© reused and the 

shading phenomenon can be suppressed, a life- • 
time as long as 20,000 hours can be achieved. . 

Since glow discharge and arc , discharge co- 
exist, a very high intensity of 35.000 Nt or there- 
to abouts can be realized. 

Since the electrodes for arc discharge can be 
heated by the respective electrode assemblies 
themselves, no external preheating device is need- 
ed and power consumption can be reduced to a 
4S considerable extent. In addition, the amount of heat 
generated can be reduced. 

The electrodes for glow discharge are not 
forced to the state of arc discharge and stable 
discharge can therefore be achieved. 
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Claims 



1. In a discharge tube in which a pair of op- 
55 posite electrode assemblies is disposed in a gas- 
charged discharge space defined by a peripheral 
wall is, at least in part, formed of glass, an a.c. 
source connected at one end to one of said elec- 
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trode assemblies and at the other end to the other 
of said electrode assembles by lead wires, an 
improvement wherein each of said electrode as- 
semblies comprises: 

a sintered metallic electrode for emitting electrons. 5 
and a filament electrode arranged close to said 
sintered metallic electrode and coated with oxide, 
for emitting thermoelectrons whereby said sintered 
m tailic electrode and said filament electrode are 
electrically connected In parallel with each other by to 
means of said associated lead wire. 

2. A discharge tube as set forth in claim 1. 
wherein said sintered electrode is a rod-like elec- 
trode while said filament electrode is a coiled elec- 
trode wound around said rod-like electrode. 75 

3. A discharge tube as set forth in claim 2, 
wherein said coiled electrode has a conical shape. 

4. A discharge tube as set forth in claim 1. 
wherein said sintered metallic electrode is a cylin- 
drical electrode while said filament electrode is a so 
coiled electrode disposed at the center of said 
filament electrode. 

5. A discharge electrode as set forth in claim 1 » 
wherein said sintered metallic electrode is a conical 

lectrode while said filament electrode is a coiled 25 
lectrode disposed at the center of said filament 
electrode. 

6. A discharge electrode as set forth in claim 1 , 
wherein said filament electrode is a coiled elec- 
trode while said sintered metallic electrode is a 30 
coiled electrode surrounding said filament elec- 
torde. 

7. A discharge electrode as set forth in claim 6, 
wherein said sintered metallic electrode has a coni- 
cal shape. 35 

8. In a discharge electrode including a plurality 
of discharge spaces charged with gas, defined by 
a peripheral wall having at least one part formed of 
glass, and sectioned by longitudinally extending 

ribs integrally formed on said peripheral wall, a 40 
plurality of pairs of opposite electrode assemblies, 
ach of said pairs being disposed in each of said 
discharge spaces, and an a.c. source connected at 
one end to one of each pair of said opposite 
electrode assemblies and at the other end con- 4s 
nected to the other of each pair of said opposite 
electrode assemblies through the intermediary of 
lead wires, an improvement, wherein said each of 
said opposite electrode assemblies comprises: 
a sintered metallic electrode for emitting electrons, so 
and a filament electrode arranged closely adjacent 
to said sintered metallic electrode and coated with 
oxide, for emitting thermoelectrons whereby said 
sintered metallic electrode and said filament elec- 
trode are electrically connected in parallel with 55 
each other by means of said associated lead wire. 

9. A discharge tube as set forth in claim 8, 
wherein said sintered electrode is a rod-like elec- 



trode while said filament electrode is a coiled elec- 
trode wound around said rodrlike electrode. 

10. A discharge tube as set forth in claim 9. 
wherein said coiled electrode has a conical shape. 

11. A discharge tube as set forth in claim 8. 
wherein said sintered metallic electrode is a cylin- 
drical electrode while said filament electrode Is 'a 
coiled electrode disposed at the center of said 
filament electrode. 

12. A discharge electrode as set forth in claim 
8, wherein said sintered metallic electrode is a 
conical electrode while said filament electrode is a 
coiled electrode disposed at the center of said 
filament electrode. 
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